(12) INTERNATIONAL APPLICATION PUBLISHER UNDER THE PATENT COOPERATION TREATY (PCT) 



(19)W ° r,dI t^^ HaH| 

(43) International Publication Date 0<>) International Publication Number 

12 July 2001 (12.07.2001) PCT WO 01/50500 A2 

(51) International Patent Classification 7 : H01L Petrovich [RU/RU]; pr. Mira 10-54, Moskovskaya obl.„ 

Fryazino, 141120 (RU). GIVARGIZOV, Michatl Ev- 

. A M . T^rfT>nnn/nn^AA gen'evich [RU/RU]; ul. Vargi, 1-115, Moscow, 117133 

(21) International Application Number: PCT/RUOO/00544 « * 

(22) International Filing ^e: (74) Common Representative: GIVARGIZOV, Evgeny In- 

29 December 2000 (29.12.2000) vievich; ^ Qbrucbeva, 20-12, Moscow, U7421 (RU). 

(25) Filing Language: English (gl) Designated States (na tional)\ AT, AU, BG, BR, BY, CA, 

CH, CN, CZ, DE, DK, EE, ES, FI, GB, HU, IL, IN, JP, KR, 

(26) Publication Language: English L t, LU, LV, PL, RU, SE, SG, SI, SK, UA, US, VN. 

(30) Priority Data: (84) Designated States (regional): European patent (AT, BE, 

99127926 30 December 1999 (30.12.1999) RU CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, 

NL, PT, SE, TR). 

(71) Applicant and 

(72) Inventor: GIVARGIZOV, Evgeny Invievich [RU/RU]; Published: 

ul. Obrucheva, 20-12, Moscow, 1 17421 (RU). — Without international search report and to be republished 

upon receipt of that report. 

j (72) Inventors; and 

i (75) Inventors/Applicants (for US only): ABRAMOV, For two-letter codes and other abbreviations, refer to the "Guid- 
\ Vladimir Semenovich [RU/RU]; ul. 26 Bak. Komissarov, ance Notes on Codes and Abbreviations" appearing at the begin- 
\ 10-2-95, Moscow, 117526 (RU). SOSHCHIN, Naum ning of each regular issue of the PCT Gazette. 



< 



If) — 

O (54) Title: WHITE LIGHT SOURCE 



2^ (57) Abstract: White light source is proposed that includes light-emitting diode and phosphor transformer. The diode emits blue 

® light that is applied to the transformer implemented as columnar-shaped single-crystalline phosphor. Part of the light, more than half 

O in quan turns, being mixed, is transformed here into yellow quan turns. The both parts, being mixed together, give white light. Owing 

^ to the columnar structure of the transformer, the white light has a directional nature. This expands the spectrum of applications of 

^ the white light sources. 
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WHITE LIGHT SOURCE 



FIELD OF THE INVENTION 
This invention relates to light engineering, microelectronic components, and 
electron materials science. 

BACKGROUND OF THE INVENTION 
White sources are known, for example, as luminescent lamps where radiation 
excited by low-pressure gaseous discharge of mercury vapors is transformed into 
visible ("white") light by phosphor [1]. However, the luminescent lamps have some 
serious drawbacks: 

(a) the mercury vapors are ecologically unacceptable: both at destroying of the 
lamps and during their production; 

(b) efficiency of the lamps (about 12 lm/W), although higher than that of 
incandescent lamp (about 5 lm/W), is still rather low. 

White light sources are known as solid-state semiconductor light emited 
diodes (LED) based on gallium nitride and related compounds [2]. In such devices, 
short-wave (blue) light emitted by the diode is partially transformed by a phosphor 
into longer-wave (for example, yellow) light and then, being mixed with the initial 
blue light, gives the white radiation. 

The efficiency of such light sources depends strongly on the efficiency of 
transformation of the phosphor. Standard phosphors are formed by a set of fine 
(micron- and submicron) crystalline grains of approximately isometric forms arranged 
chaotically one on another (Fig. 1). In particular, fine-crystalline Y 3 Al 3 Ga 2 Oi 2 :Cc 
phosphor is used in [2]. The phosphor is distributed in an organic binder. Such a 
phosphor absorbs the initial blue radiation of the LED and emits yellow light with 
wave-length 565 nanometers. By mixing the two radiations, white radiation is formed. 

However, at propagation of the light, both the initial and exited ones, 
through the phosphor, it is scattered by the grains and partially lost. As a result, 
efficiency of the light transformation is decreased, sometimes significantly. 
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One more drawback of the transformation used in [2] is Uie fact thai, due to a 
low thermal conductivity of the organic binder, the phosphor is superheated and, on 
this reason, deteriorates. 

These drawbacks are eliminated in the our invention. 

SUMMARY OF THE INVENTION 

A white light source is proposed that includes light emitting diode and 
phosphor transformer. The transformer is implemented as single-crystalline phosphor 
columns arranged on a transparent substrate. The columns are mutually parallel, 
forms angles 10° to 90° with the substrate, have cross-sections of various shapes. 
Heights of the columns exceed their diameter. Gaps exist between the columns, the 
gaps being filled by high-refractive material. The light-emitting diode emits light in 
the range 440-480 nanometers with the absorption coefficient more than 10 6 m* 1 , 
whereas the transformer emits light with the wave-length in the range 560-590 
nanometers at the ratio of yellow-light power, generated by the transformer, to the 
blue-light power conserved after passing the columns, more than 2:1. The transformer 
is placed on the output surface of the light-emitting diode being connected with it via 
an immersion medium that has a refraction coefficient lower than the refraction 
coefficient of the phosphor. 

The ratio of the height of the columns to their diameter is not less than 2. 

The transformer can be faced to the surface of the light-emitting diode by 
either its substrate or by the columns. 

The volume of the columns takes more than 90% of the transformer. 

BRIEF DESCRIPTION OF DRAWINGES 
Fig. L A scheme of the standard phosphor consisting of approximately 
isometric crystalline grains: 1 - light or electron beam; 2 - transparent substrate. 

Fig. 2. A scheme for propagation of light in columnar crystals: 1 - light or 
electron beam; 2 - transparent substrate. 

Fig. 3. A scheme of white light source that contains a light-emitting diode, a 
phosphor transformer, and an immersion connecting layer: 1 - the light-emitting 
diode; 2 - the immersion layer; 3 - a transparent substrate; 4 - luminescent 
(phosphor) columns; 5 - gaps between the columns filled with a low-melting-point 
light-absorbing material. 
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Fig. 4. Two versions of the transformer arrangement: a - by the columns faced 
to the light-emitting diode; b - by the substrate faced to the light-emitting diode. 

BEST VERSION FOR REALIZATION OF THE INVENTION 
In the light source proposed, the light is channeled by passing it through 
elongated phosphor crystalline grains. This is implemented with using phosphor 
having columnar structure proposed in [3]. In such phosphors, the light propagates 
along the columns reflecting from their walls according to the full internal reflection 
Fig. 2). Typically, it is undergoing only a small losses. 

In addition, the columnar phosphors contain no organic binder. 
A scheme of the proposed white light source is depicted in Fig. 3. An 
immersion layer is placed between the light source and the transformer. The layer can 
contain various transparent substances such as silicones, polymers, epoxics, low- 
melting point eutectics such as KCl+NaCl+LiCl+MgCi 2 etc. 

The light from the light-emitting diode arrives through the immersion layer to 
butt-ends of the columns. When the blue light propagates along the columns, it is 
transformed into yellow light that is a "complementary" to the blue one. 

Thus, in accordance with the current invention, phosphor columns are created 
that are able a part of the blue light arriving from the light-emitting diode to transform " 
into yellow light. In order to ensure formation of the white light, the ratio of the 
formed yellow light to the remaining part of the blue light (after passing the columns) 
should be (in power or, better, in the number of quantums) about or slightly more than 
2:1. 

Phosphor columns are formed of light-cpnductive thermal-conductive 
inorganic material. They are attached to an inorganic (glass) substrate by a large 
contact area. The good thermal conductivity provides an advantage to the phosphor 
transformer and, in such a way, to all the light source. This advantage is ensured also 
by the fact that total volume of the columns takes more than 90% of the transformer. 
Remaining part of the phosphor, namely gaps between the columns, are filled with 
electroconductive (accordingly, good-thermal-conductive) high-refractive material. 

Good light-engineering parameters of the white light source are ensured by the 
fact that it is characterized by a good spectral matching between the wavelength of 
the light-emitting diode (450-480 nm) and the maximum exciting spectrum of the 
phosphor transformer used (440-475 nm). High absorption coefficient of the phosphor 
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used (10 6 - 5.10 6 m" 1 ) allows to reach a high (more than 50-60%) level absorption of 
gallium nitride light-emitting diode even at a small (about several micrometers) height 
of the phosphor columns. At the quantum yield of the photoluminescence about 1, the 
yellow light formed contains about 70% quantums; together with 30% remaining 
quantums of the blue light bright white light is generated. 



EXAMPLE 

The columnar phosphor is produced of a solid solution of ZnS:CdS having the 
proportion 70:30 to 50:50 doped with copper at concentration 1.10" 3 to 1.10 2 
gram/gram (gram Cu/gram ZnS+CdS). The columnar phosphor is prepared by vapor 
deposition according to the patent application [3]. 

After the deposition of the columnar phosphor the structure obtained is filled 
by a high-refractive low-melting-point material, such as Bi 2 03-B 2 03, is ground and 
polished. 

The white light sources have numerous applications: 
light sources of domestic and industrial applications; 

- traffic lights; 
lighting scales; 

- .point static and dynamic indicators with running line; 

- multielement situation screens; 

- others. 
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CLAIMS 

1 . White light source including light emitting diode and phosphor transformer 
wherein the transformer is implemented by single-crystalline phosphor columns 
arranged on a transparent substrate, the columns have are mutually parallel, forms 
angles 10° to 90° with the substrate, have cross-sections of various shapes, 
preferentially isometric ones, heights of the columns exceed their diameter, gaps exist 
between the columns, the gaps being filled by high-refractive material, the light- 
emitting diode emits light in the range 440-480 nanometers with the absorption 
coefficient more than 10 5 nf \ the transformer emits light with the wave-length in the 
range 560-590 nanometers at the ratio of yellow-light power, generated by the 
transformer, to the blue-light power conserved after passing the columns, more than 
2:1, the transformer is placed on the output surface of the light-emitting diode being 
connected with it via an immersion medium that has a refraction coefficient lower 
than the refraction coefficient of the phosphor. 

2. The white light source according to the point 1 wherein the ratio of the 
height of the columns to their diameter is not less than 2. 

3. The white light source according to the point 2 wherein the transformer is 
faced to the surface of the light-emitting diode by its substrate. 

4. The white light source according to the point 2 wherein the transformer is 
faced to the surface of the light-emitting diode by the columns. 

5. The white light source according to the point 1 wherein the volume of the 
columns takes more than 90% of the transformer. 
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